The Fukushima nuclear accident resulted in the largest ever accidental release of artificial radionuclides in coastal waters. This accident has shown the importance of marine assessment capabilities for emergency response and the need to develop tools for adequately predicting the evolution and potential impact of radioactive releases to the marine environment. The French Institute for Radiological Protection and Nuclear Safety (IRSN) equips its emergency response centre with operational tools to assist experts and decision makers in the event of accidental atmospheric releases and contamination of the terrestrial environment. The on-going project aims to develop tools for the management of marine contamination events in French coastal areas. This should allow us to evaluate and anticipate postaccident conditions, including potential contamination sites, contamination levels and potential consequences. In order to achieve this goal, two complementary tools are developed: site-specific marine data sheets and a dedicated simulation tool (STERNE, Simulation du Transport et du transfert d'Eléments Radioactifs dans l'environNEment marin). Marine data sheets are used to summarize the marine environment characteristics of the various sites considered, and to identify vulnerable areas requiring implementation of population protection measures, such as aquaculture areas, beaches or industrial water intakes, as well as areas of major ecological interest. Local climatological data (dominant sea currents as a function of meteorological or tidal conditions) serving as the basis for an initial environmental sampling strategy is provided whenever possible, along with a list of possible local contacts for operational management purposes. The STERNE simulation tool is designed to predict radionuclide dispersion and contamination in seawater and marine species by incorporating spatiotemporal data. 3D hydrodynamic forecasts are used as input data. Direct discharge points or atmospheric deposition source terms can be taken into account. STERNE calculates Eulerian radionuclide dispersion using advection and diffusion equations established offline from hydrodynamic calculations. A radioecological model based on dynamic transfer equations is implemented to evaluate activity concentrations in aquatic organisms. Essential radioecological parameters (concentration 2 Please note that this is an author-produced PDF of an article accepted for publication following peer review. The definitive publisher-authenticated version is available on the publisher Web site.
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Abstract :
The Fukushima nuclear accident resulted in the largest ever accidental release of artificial radionuclides in coastal waters. This accident has shown the importance of marine assessment capabilities for emergency response and the need to develop tools for adequately predicting the evolution and potential impact of radioactive releases to the marine environment. The French Institute for Radiological Protection and Nuclear Safety (IRSN) equips its emergency response centre with operational tools to assist experts and decision makers in the event of accidental atmospheric releases and contamination of the terrestrial environment. The on-going project aims to develop tools for the management of marine contamination events in French coastal areas. This should allow us to evaluate and anticipate postaccident conditions, including potential contamination sites, contamination levels and potential consequences. In order to achieve this goal, two complementary tools are developed: site-specific marine data sheets and a dedicated simulation tool (STERNE, Simulation du Transport et du transfert d'Eléments Radioactifs dans l'environNEment marin). Marine data sheets are used to summarize the marine environment characteristics of the various sites considered, and to identify vulnerable areas requiring implementation of population protection measures, such as aquaculture areas, beaches or industrial water intakes, as well as areas of major ecological interest. Local climatological data (dominant sea currents as a function of meteorological or tidal conditions) serving as the basis for an initial environmental sampling strategy is provided whenever possible, along with a list of possible local contacts for operational management purposes. The STERNE simulation tool is designed to predict radionuclide dispersion and contamination in seawater and marine species by incorporating spatiotemporal data. 3D hydrodynamic forecasts are used as input data. Direct discharge points or atmospheric deposition source terms can be taken into account. STERNE calculates Eulerian radionuclide dispersion using advection and diffusion equations established offline from hydrodynamic calculations. A radioecological model based on dynamic transfer equations is implemented to evaluate activity concentrations in aquatic organisms. Essential radioecological parameters (concentration Please note that this is an author-produced PDF of an article accepted for publication following peer review. The definitive publisher-authenticated version is available on the publisher Web site.
factors and single or multicomponent biological half-lives) have been compiled for main radionuclides and generic marine species (fish, molluscs, crustaceans and algae). Dispersion and transfer calculations are performed simultaneously on a 3D grid. Results can be plotted on maps, with possible tracking of spatio-temporal evolution. Post-processing and visualization can then be performed.
Introduction
The nuclear accident at Fukushima in 2011 resulted in the largest ever accidental release of artificial radionuclides in coastal waters (UNSCEAR, 2014, Povinec et al., 2014, Science Council of Japan, 2014). The environmental and economic impact on this coastal area is enormous, particularly for fisheries (Okuda and Ohashi, 2012) .
Henceforth, it appears essential to take this risk of contamination of coastal areas into account, particularly in those areas most potentially exposed to accidental releases from land based nuclear installations. To ensure optimal preparedness in the event of a nuclear emergency affecting the marine environment, it is necessary to develop and implementspecific tools for assessing the evolution and impact of radioactive marine contamination events. This information will be used to facilitate decisionmaking during an emergency and could serve as a basis for post-accident sampling strategies leading to realistic environmental 49 impact assessment. This work aims to provide enhanced capabilities for predicting radionuclide dispersion in 73 seawater and for assessing the potential impact on affected areas. In particular, specific tools 74 and resources must be implemented to provide the following information: 
78
-Initial estimates of expected activity concentrations in aquatic organisms, particularly 79 those intended for human consumption (fishing or aquaculture products).
80
-Contamination distribution and spatio-temporal evolution maps, to provide guidance for 81 sampling strategies intended to characterise environmental impact.
82
-Detailed information regarding the site-specific environmental sensitivity and ecological, 83 economic and health-related interests of identified areas, to facilitate risk assessment and 84 decision making.
85
The approach adopted to meet these objectives is twofold: Preparation of site-specific data The STERNE simulation tool uses offline calculations of radionuclide dispersion and transfer.
180
A specific FORTRAN95 code has been developed for this purpose.
181
Eulerian radionuclide dispersion is calculated using a tracer advection-diffusion equation These calculations take into account the physical decay of each radionuclide considered. Based on this model, the following equation (Equation 2) is used to calculate activity 211 concentrations in living organisms for a given concentration in seawater. 
where i is the time step. In order to refine this one-compartment dynamic model and adapt it to post-accident 232 conditions (for which various studies report multiple depuration rate constants), the STERNE 
243
For pelagic fish, two calculations are performed, i.e. based on the mean activity concentration 244 in seawater over the entire water column at the 2D calculation grid point, and based on the 245 maximum activity concentration in the water column at the same grid point.
246
One limitation of this model is that it does not consider potential contamination pathways 247 associated with bottom sediments, which are still scarcely understood. This can lead to 248 underestimates of activity concentrations in bottom fish exposed to medium or long-term 249 contamination.
251

Results
253
Calculations performed with the STERNE simulation tool generate values of activity 
312
The modelling approach chosen to simulate transfers to marine biota still needs to be for use in analysis mode. It is therefore not included in the initial development.
323
The use of marine data sheets in combination with the STERNE simulation tool for various 324 case studies should provide indications as to the strategy to be adopted.
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